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(^7) Abstract: The invention relates to a method lor synchronizing a f.^t clock C to a relerence clock A. the '^^'"^ 
connected to said rcfetcnce clock A via a processinu unit B. The invention tnoreovcr telalcs to a processing unit B and to a yn- 
clntatton sy ?cm r"r3^^^^ u synchronizLtion of said firs. cUK-k C to said rcle^nce clock A via said proccssmg un . B 

tTp'f^s^d S^The processing unit B gencn..cs a coacction message cmsg lor the first clock C ba.^d on "-«^-P^ ^^^^^^^^^ 
beiwecnThe processing unit B and the relerence clcKrk A. which exchange of timcstamps .s tnggered by ck^k pulses cclk ^ce.val 
in the processing unit B from ihc firsi clock C. 
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Method for siTichronizing a first clock to a second clock, 
processing unit and synchronization system 



FIELD OF THE INVENTION 



The invention relates to a method for synchronizing a first 
clock to a reference clock. The invention equally relates to 
a processing unit and a synchronization system including a 
first clock connected via a processing unit to a reference 
clock. 



BACKGROUND OF THE INVENTION 

A possibility of synchronizing a first clock to a reference 
clock used as an accurate time server can . constitute an 
important feature in a variety of systems, in particular in 
systems in which several clocks have to work synchronously. 

A known and accurate method for synchronizing a first clock 
to a second clock is based on the network time protocol 
(NTP) . A calculation of offsets between two different clocks 
based on NTP is described for example by David L. Mills in: 
"Internet Time Synchronization: the Network Time Protocol", 
IEEE Trans. Communications 39, 10 (October 1991), 1482-1493. 
The Network Time Protocol and related nomenclature is also 
described in the Internet draft by David L. Mills : "Network 
Time Protocol (Version 3) specification, implementation and 
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analysis. Network Working Group Report" RFC-1305, University 
of Delaware, March 1992. 

According to the document "Internet Time Synchronization: 
the Network Time Protocol", in order to determine the offset 
between a time server and a peer, i.e. one of several clocks 
that are to be synchronized to the time server, an NTP 
message is sent from the server to the peer. Subsequently, 
another NTP message is sent from peer to server. A timestamp 
is generated for each point of time in which a NTP message 
is transmitted or received. Each NTP message includes the 
latest three generated timestamps, i.e. a timestamp for 
indicating the time of transmission and reception of the 
previous message and a timestamp indicating the time of 
transmission of the current message. A fourth timestamp 
indicating the time of reception of the current message is 
determined upon arrival of the message. 

In the document, the offset of the peer relative to the 
server is determined to 



a + b 



where a is the difference between reception of the first 
message and transmission of the first message, while b is 
the difference between transmission of the second message 
and reception of the second message. The effect of 
statistical errors and falsetickers can be minimized by the 
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use of rather complex filtering and selection algorithms 
described in the above mentioned Internet draft RFC-1305, 

The same method could be applied for synchronizing two or 
more peer clocks of vs^hich only some are connected directly 
to a time server, but where each peer is connected at least 
via another peer to the time server. In such a system, the 
time server constitutes a primary server NTP clock for all 
directly connected client NTP clocks. These client NTP 
clocks form at the same time server NTP clocks for other 
client NTP clocks connected to them, and so forth. 

It is not always possible, though, to implement an NTP 
client in the element with a clock that is to be 
synchronized. Therefore, an alternative option is required 
for synchronizing a clock to a reference clock indirectly, 
in particular via some processing unit. An obvious solution 
would then be to use the processing unit as NTP client that 
is synchronized to a reference clock of an NTP server and to 
synchronize the third clock based on the inaccurate clock. 

However, such a processing unit may constitute a weak link 
in the connection between the clock that is to be 
synchronized and the reference clock, e.g. if the processing 
unit is an element v/ith a clock that is less accurate than 
the clock which is to be synchronized. For many 
applications, therefore, such a proceeding does not lead to 
a satisfying accuracy of synchronization. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method, a 
processing unit and a system that enable a synchronization 
of a first clock to a reference clock via a processing unit. 

This object is reached on the one hand with a method for 
synchronizing a first clock to a reference clock, the first 
clock being connected to said reference clock via a 
processing unit, wherein said processing unit generates a 
correction message for the first clock based on timestamps 
exchanged between the processing unit and the reference 
clock, which exchange of timestamps is triggered by clock 
pulses received by the processing unit from the first clock. 

On the other hand, the object is reached with a processing 
unit. According to the invention, such a processing unit 
comprises means for receiving clock pulses from a first 
clock which is to be synchronized to a reference clock and 
means for exchanging timestamps with the reference clock,' 
the exchange being triggered by clock pulses received from 
the first clock. It further comprises means for generating 
correction messages for the first clock based on exchanged 
timestamps. Moreover, the processing unit comprises means 
for ti'-ansmitting the generated correction messages to the 
first clock. 

Finally, a synchronization system is proposed which reaches 
the object of the invention. The synchronisation system 
includes a first clock connected via a processing unit to a 
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reference clock, which first clock is to be synchronized to 
said reference clock. The processing unit of the 
synchronization system comprises the same means as the 
processing unit of the invention. The reference clock 
includes corresponding means for exchanging timestamps with 
the' processing unit. And the first clock includes means for 
transmitting clock pulses to the processing unit, means for 
receiving correction messages from the processing unit and 
means for adjusting its frequency according to the received 
correction messages. 

The invention proceeds from the idea that clock pulses from 
a first clock that is to be synchronized to a reference 
clock can be used in determining the necessary adjustments 
of the first clock, even if the adjustments are determined 
by some third element, i.e. some processing unit. With this 
approach, a processing unit which connects the first clock 
with a reference clock can evaluate timestamps transmitted 
between the processing unit and the reference clock in some 
known way for determining necessary adjustments. However, 
instead of basing the timestamps that are exchanged by the 
processing unit with the reference clock on clock signals of 
a clock in the processing unit, the timestamps are based at 
least partly on clock pulses received by the processing unit 
from the first clock that is to be synchronized. Since the 
timestamps are thex-efore already related to the current 
state of the. first clock, they are particularly well suited, 
for determining necessary adjustments and thus for 
generating correction message, and a faster and more 
accurate synchronization can be achieved. 
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The invention can be used in particular for synchronising a 
reasonably accurate first clock to an accurate reference 
clock, while, the processor is working with a rather . 
inaccurate clock which is at least less accurate than the 
first clock. 

Preferred embodiments of the invention become apparent from 
the subclaims- 

The clock pulses received at the processing unit from the 
first clock will usually arrive in regular intervals. This 
is not a necessary requirement, however. For example, the 
processing unit can tell the first clock when to send the 
next pulse. Further, the clock pulses from the first clock 
can also take the form of interrupts. 

In case only the rate of the clock pulses of the first clock 
is to be synchronized to the rate of the clock pulses of the 
reference clock, it is proposed that the correction message 
is generated in the processing unit with the following 
sequence of steps. First, a starting point offset is 
determined based on timestamps exchanged between the 
processing unit and the reference clock. This starting point 
offset is the offset at some first point of time. Next, the 
offset between the first clock and the reference clock is 
determined at further points of time based on further 
timestamps exchanged between the processing unit and the 
reference clock. For each of these further determined 
offsets the difference to the starting point offset is 
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calculated. Finally, a value is inserted into a correction 
message to the first clock which represents the difference 
between the respective offsets. A correction message can be 
sent by the processing unit to the first clock for each 
offset determined after the starting point offset. 
Alternatively, a correction message can only be sent in case 
the difference exceeds a predetermined threshold value, and 
in addition, it can be provided that such a threshold value 
has to be exceeded for a predetermined time or for a 
predetermined number of calculated differences. Only a 
frequency reference may be needed for example in some cases 
of GSM/GPRS (Global System for Mobile Communications/ 
General Packet Radio Service) and EDGE (Enhanced Data GSM 
Environment) , and in the case of WCDMA (Wideband Code 
Division Multiple Access) FDD (Frequency Division Duplex) . 

In general, the invention can be employed for adjusting only 
the frequency of the first clock according to correction 
messages and thereby according to the frequency of the 
reference clock, or in addition for adjusting also the phase 
of the first clock according to correction messages and 
thereby according to the phase of the reference clock. 

The correction message is preferably generated based on 
measured values of time offset and/or frequency which are 
measured with the exchanged tiraestamps using a timestamp 
method. 

More preferably, the time-stamp .method is the Network Time 
Protocol between the reference clock employed as Network 
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Time Protocol server and the processing unit employed as 
Network Time Protocol client. It is an advantage of the 
invention that for this approach, a change of the NTP itself 
is not required. Only the generation of the times tamps 
included in the NTP messages i3 adjusted in a way that 
enables an accurate synchronization of the first clock. 
Thus, based on the exchange of NTP messages including 
timestamps, the offset between the first clock and the 
reference clock can be determined in a way known for the 
determination of the offset between two directly connected 
clocks, as described for example in the mentioned document 
"Internet Time Synchronization: the Network Time Protocol". 
Any other method using an exchange of timestamps for 
calculating the offset between two clocks in a reliable way 
can be employed just the same, though. The determined offset 
can then be used for adjusting the first clock by 
transmitting a corresponding correction message. 

In a more general preferred embodiment of the invention, the 
timestamps that are to be transmitted by the processing unit 
to the reference clock indicate their expected time of 
transmission and are included in synchronization messages 
that are assembled in advance. These synchronization 
messages can then be transmitted as soon as a triggering 
clock pulse is received by the processing unit from, the 
first clock. The expected time of transmission is therefore 
the point of time of the next clock pulse to be received 
from the first clock, which is supposed to be known. 
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There are a variety of possibilities for the processing unit 
of knowing the time of the next clock pulse to be received 
from the first clock. For example, the interval between the 
clock pulses received from the first clock can be known at 
the processing unit. The time of reception of the triggering 
clock pulse can then be determined in the processing unit 
based on the number of intervals between some starting point 
and the triggering clock pulse or based on a stored point, of 
time indicating the time of reception of the last clock 
pulse to which one time interval is added. Any further 
alternative can be employed just the same. 

In any case, the best clock information available in the 
processing unit, i.e. the clock information of the first 
clock, is used for timestamp creation and no time is wasted 
creating the packet after the triggering clock pulse; thus 
this approach makes the synchronization faster compared to 
an assembling after the triggering clock pulse and further 
improves the accuracy of the synchronization. 

A timestamp indicating the point of time of transmission of 
a synchronization message by the processing unit is formed 
preferably from the sum of a predetermined starting time and 
the time interval betv/een pulses received at the processing 
unit from the first clock multiplied by the number of pulses 
received since the starting time. Optionally, a change of 
offset determined after the most recent correction message, 
which change of offset has not been conveyed to the first 
clock yet, can be added to the sum, which makes the 
timestamp even more exact. 
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For the further exchange of timestamps that are to enable a 
determination of an offset between the first clock and the 
reference clock and therefrom of a correction message for 
the first clock, the reference clock preferably transmits 
upon receipt of the synchronization message from the 
processing unit a response message to the processing unit. 
This response message can in particular include the 
times tamp received in the synchronization message, a 
timestamp indicating the point of time at which the 
synchronization message was received at the reference clock 
and a timestamp indicating the point of time at which the 
response message is transmitted by the reference clock. The 
processing unit moreover determines a fourth timestamp which 
indicates the point of time of receipt of the response 
message based at least primarily on the latest clock pulse 
(cclk) received from the first clock. In addition, it can be 
based secondarily on an internal clock of the processing 
unit. Finally, the processing unit can generate a correction 
message based on the timestamp information e.g. using the 
NTP method described in above mentioned Internet draft RFC- 
1305. In particular, the correction message can be based on 
a frequency offset determined based on these timestamps. 

It is to be noted that a correction message does not have to 
be generated based on every single exchange of timestamps. 
NTP implementations, e.g., regularly employ filters that 
filter out most of the exchanged synchronization messages. 
Actually, a reasonably long time with a big number of 
synchronization messages is needed to generate an accurate 
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offset. Therefore, a correction message can be generated for 
example each time when the times tamp method produced the 
latest measured offset. 

In order to relate this last timestamp again to the clock 
pulses of the first clock, the determination can be based on 
the sum of the time intervals between the clock pulses 
received from the first clock since the transmission of the 
synchronization message. Therefore, also the reception of 
the response packet can be timestamped with the most exact 
time information available at the processing unit. Similarly 
as proposed as an alternative for determining the first 
timestamp, a stored point of time of the respective latest 
clock pulse received from the first clock can be used as 
basis for determining the fourth timestamp. This eliminates 
the need of calculating the reception time from some, distant 
starting point. 

In a particularly suited approach, the time of receipt of 
the response message is determined in the processing unit as 
sum of the point of time at which the synchronization 
message was transmitted, the time interval between clock 
pulses from the first clock multiplied by the number of 
clock pulses received after the transmission of the 
synchronization message, and the time elapsed between the 
reception of the response message and the reception of last 
clock pulse from the first clock before reception of the 
response message. This last time can be determined with a 
clock integrated in the processing unit. It is assumed for 
this approach that the granulation of the clock integrated 
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in the processing unit is higher than the granulation of the 
first clock. In practice, the time of receipt of the latest 
clock pulse from the first clock can be stored in the 
processing unit an used in the sum in order to avoid 
unnecessary calculations. 

The processing unit can in particular be a PC, wherein the 
first clock is a hardware clock external to the PC. But the 
processing unit can be any such device based on general - 
purpose processor that is capable of acting as a processing 
unit- 

The method, the processing unit and the synchronization 
system of the invention can be employed in particular for 
synchronising an IP RAN (Internet Protocol Radio Access 
Network) base station, like a GSM base stations over IP. 
With the method of the invention, the master clock of an IP 
BTS (Base Transceiver Station) can be synchronized for 
example to an external reference clock, e.g. the master 
clock of another BTS, via the BTS transmission unit of the 
first BTS site- As a result, the necessity of installing a 
local GPS (Global Positioning System) timing device on every 
IP BTS site can be avoided, the local GPS timing device 
being rather expensive and a transmission network based 
synchronization not always being available in an* IP network. 

BRIEF DESCRIPTION OF THE FIGURES 

In the follov/ing, the invention is explained in more detail 
with reference to a drawing. The only figure shows a block 
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diagram of an embodiment of a synchronization system 
according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The synchronization system that is shown schematically in 
the figure is composed of a first element A with a first, 
clock, a second element B with a second clock and a third 
element C with a third clock. The second element B is 
located between the first and the second element A, C and 
interconnects them. The data link between elements A and B 
does not have to be synchronous. The link can therefore be 
for example an IP link. 

The first element A is an NTP server anywhere in the 
synchronization system, and the included first clock is to 
be used as reference clock in the system. The first element 
A can be for example arranged in a base station of a 
cellular communications network and the included first clock 
can be an accurate clock based on a GPS device. The second 
element B is a general -purpose processor based device, e.g. 
a PC, used as a BTS transmission unit of a second BTS site, 
the clock of which is rather inaccurate. The second element 
B includes an implementation of an NTP client and its clock 
has a granularity of x^, which , is typically, in the range of 
Ins to Ijis. The third element C contains the master clock of 
the second base station. This master clock, which is 
reasonably accurate, regularly sends clock pulses cclk to 
element B in time intervals of ATj,. For the interval AT^ it 
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is supposed that AT^>x^, more specifically even that ^T^»x^. 
This is, however, not a necessary requirement. The reason 
for the assumption is simply that if the granularity was 
greater than the time interval AT^, the clock pulse cclk 
received from element C would represent the best clock 
signal for element B, rendering B's own clock signal 
useless . 

The third clock in the third element C is to be synchronized 
reliably to the first clock in the first element A over the 
inaccurate element B. More precisely, the frequency used by 
the clock of element C should be kept equal to the frequency 
used the clock of element A with a deviation Ax. that is 
much smaller than the interval AT^ between two clock pulses 
cclk transmitted by the clock in element C. 

In the following it will be explained how the desired 
synchronization is achieved with the method of the 
invention . 

In a first step, a starting point offset between the clock 
in element C and the accurate clock in element A is 
determined in element B. After that, the offset between the 
two clocks is subsequently measured in intervals AT2 that 
fixed to be a predetermined multiple N of the interval AT^ 
between the clock pulses cclk received at element B from the 
clock of element C, i.e. AT^ = N*ATi, with M. being an integer 
and with N>>1. 
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The respective offsets are calculated in element B as 
described above with reference to the document "Internet 
Time Synchronisation; the Network Time Protocol", In order 
to obtain the required information for such a calculation, 
element B sends a synchronisation packet spkt to element A. 
The synchronisation packet spkt contains a timestamp 
indicating the exact point of time at which the 
synchronization packet spkt is transmitted. Element A 
responds with a response packet rpkt that contains the 
timestamp received in the synchronization packet spkt, a 
timestamp indicating the exact point of time at which 
element A received the synchronization packet spkt, and a 
timestamp indication the exact point of time at which 
element A sends the response packet rpkt to element B . 
Finally, element B has to determine a timestamp indicating 
the exact point of time at which the response packet rpkt is 
received from element A. The four timestamps required for 
determining the offset based on the known NTP method are 
then available at element B. Each offset is preferably 
determined based on a cluster of synchronization packets 
spkt transmitted from element B to element A and the 
respective response packets rpkt. The interval for 
individual packets sent within the cluster have to be longer 
than the roundtrip of the synchronization packet spkt and 
its response . 

Element B with the most inaccurate of the three clocks in 
the synchronisation system is responsible for determining 
two of the timestamps needed for determining the offsets: 
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This embodiment of the invention constitutes an advantageous 
way of basing the determination of the timestamps in element 
B mainly on the output of the reasonably accurate clock in 
element C instead of on the output of the inaccurate clock 
of element B. 

The first timestamp for which element B is responsible is 
the timestamp indicating at what point of time a 
synchronization packet spkt is sent from element B to 
element A. The timestamp for the starting point offset, 
which indicates at the same time a starting time Tq, may be 
arbitrary, but it is convenient if it is reasonably close to 
the correct time exhibited by A. Since the following offsets 
are to be determined in intervals AT2 dependent on a 
multiple N of the time interval AT^ between clock pulses 
cclk received from element C, element B can determine in 
advance the point of time Tg at which each synchronization 
packet spkt will be transmitted. The respective point of 
time Tg of transmission is determined in element B as the 
sum of the starting time Tq and the time of the intervals AT2 
passed until the respective transmission, Tg = Tq + K*AT2, K 
starting from 0 for the starting point offset and being 
increased in steps of 1 for every subsequent offset 
measurement. In addition, the change of offset measured 
based on the most recent exchange of timestamps that has not 
been conveyed to element C yet can be included in the 
starting time Tg- It is however optional to take this change 
of offset into accounts With the knowledge of the point of 
time Tg at which the K^** synchronization packet spkt will be 
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transmitted to element A, element B can therefore prepare 
the K^'^V synchronization packet spkt including the timestamp 
indicating the time of transmission of the packet spkt v/ell 
in advance before it has to be transmitted. 

When element B receives the corresponding triggering clock 
pulse cclk from element which is the (N*K) clock pulse 
cclk received after the starting time Tq, it can immediately 
send the K^** synchronization packet spkt to element C. 

Thus, the most accurate available clock pulses, i.e. the . 
clock pulses cclk of the. clock in element C, are used in 
element B for creating the timestamps for the 
synchronization packets spkt. Moreover, since the 
synchronization packets spkt can be created in advance, no 
time is lost in creating the packets spkt af te^r the 
triggering clock pulse cclk. Therefore, a better accuracy is 
achieved for the first timestamp compared to a determination 
based only on the clock in element B and the synchronization 
can be carried out as fast as possible. 

The second timestamp for which element B is responsible is 
the timestamp indicating at what point of time Tj^ a response 
to the synchronization packet spkt is received at element B 
from element A. In order to be able, to determine this 
timestamp, element B counts the number L of clock pulses 
cclk received from element C beginning with the point of 
time Tg at which the synchronization packet spkt is 
transmitted to element A. In addition, element B determines 
the time T^ elapsed between the last clock pulse cclk 
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received from element C before the response packet rpkt from 
element A is received and the arrival of the response packet 
rpkt itself. This time span is determined according to 
the internal clock of element B and is fairly accurate for 
the rather short time span T^, since it was supposed that 
ATi>>Ti- The number L of counted clock pulses cclk together 
with the known time interval AT^ between the pulses cclk and 
the additional time span T^ enable a determination of the 
point of time. Tr at which the response packet rpkt is 
received by element B. The corresponding equation for the 
point of time Tr needed for determining the respective - 
offset is: Tr = Tg + L*ATi + T^ In case AT^ is smaller than 
T^, the last term is omitted. The point of. time T^ at which 
the response packet rpkt is received by element B can be 
calculated at any time after the packet was received. 

Thus, an accurate result is obtained for the point of time 
Tr by using at least mainly the clock pulses cclk from the 
clock of element C, which are more accurate than the clock 
signal of the clock of element B. Moreover, the final 
calculation of TR can be executed at any point of time when 
there is free CPU capacity. 

The offsets can thus be calculated in regular intervals from 
the respective response packets rpkt received by element A 
and the respective determined reception time Tr. 

The determined starting point offset and the subsequently 
determined offsets can then be used by the element B to 
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cause adjustments of the clock in element C. To this end, it 
is determined by element B whether the measured offset 
deviates from the starting point offset over a threshold 
value AXq, with ATi>>Ato/ for a time of M*ATi, where M is some 
predetermined parameter. In case such a relevant deviation 
is detected, element C is informed by element B with a 
correction message cmsg, the message cmsg including an 
indication how much the clock must advance or delay its 
timing in order to maintain a clock pulse cclk rate 
synchronous to the clock pulse rate of the clock in element 
A. The amount and direction of the required adjustment is 
determined in the element B from the difference between the 
actual offset and the starting point offset. 

The described synchronization enables to achieve a precision 
of synchronization with a deviation Ax^ with At2<<ATi. This 
in turn implies an accuracy of the frequency of the clock in 
element C of Af » Ax^/T, over a period of time T. 
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Claims 

1. Method for synchronizing a first clock (C) to a 
reference clock (A) , the first clock (C) being connected 
to said reference clock (A) via a processing unit (B) , 
wherein said processing unit (B) generates a cox-rection 
message (cmsg) for the first clock (C) based on 
timestamps exchanged between the processing unit (B) and 
the reference clock (A) , which exchange of timestamps is 
triggered by clock pulses (cclk) received by the 
processing unit (B) from the first clock (C) • 

2. Method according to claim 1, wherein generating a 
correction message (cmsg) in the processing unit (B) 
includes : 

- determining at a first point of time the offset 
between said first clock (C) and said reference clock 
(A) as starting point offset based on timestamps 
exchanged between said processing unit (B) and said 
reference clock (A) ; 

determining at further points of time the offset 
between said first clock (C) and said reference clock 
(A) based on timestamps exchanged between the 
processing unit (B) and said reference clock (A) ; 

- determining for each offset determined at a further 
point of time the difference to the starting point 
offset; and 
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including a value representing said determined 
difference in said correction message (cmsg) to the 
first clock (C) . 

3. Method according to claim 1 or 2, wherein the corr-ection 
message (cmsg) is generated based on measured values of 
a time offset between the first clock (C) and the 
reference clock (A) and/or a deviation in frequency 
between the first clock (C) and the reference clock (A) , 
the values of time offset and/or deviation of frequency- 
being measured with said exchanged timestamps using a 
times tamp method. 

4. Method according to claim 3, wherein the timestamp 
method is the Network Time Protocol (NTP) between the 
reference clock (A) employed as Network Time Protocol 
server and the processing unit (B) employed as Network 
Time Protocol client. 

5. Method according to one of the preceding claims, wherein 
for exchanging timestamps, said processing unit (B) 
assembles in advance a synchronization message (spkt) to 
be sent to the reference clock (A) including a timestamp 
indicating the expected time of the transmission of the 
synchronization message (spkt) , the expected time being 
a known point of time of the next clock pulse (cclk) to 
be received from the first clpck (C) . 

6. Method according to claim 5, wherein the timestamp in 
the synchronization message (spkt) is based on the sum 
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of a predetermined starting time, of the time interval 
between clock pulses (cclk) from the first clock (C) 
multiplied by the number of clock pulses (cclk) expected 
to be received between the starting time and the 
transmission of the synchronization message (spkt) , and 
of a change of offset between the first clock (C) and 
the reference clock (A) determined after the generation 
of the most recent correction message (cmsg) . 

7. Method according to claim 5 or 6 , wherein upon receipt 
of the synchronization message (spkt) , the reference 
clock (A) transmits a response message (rpkt) to the 
processing unit (B) including the timestamp received in 
the synchronization message (spkt) , a timestamp 
indicating the point of time at which the 
synchronization message (spkt) was received by the 
reference clock (A) and a timestamp indicating the point 
of time at which the response message (rpkt) is 
transmitted by the reference clock (A), wherein the 
processing unit (B) determines a timestamp indicating 
the point of time of receipt of the response message 
(rpkt) based at least primarily on the latest clock 
pulse (cclk) received from the first clock, and wherein 
the processing unit (B) generates a correction message 
(cmsg) based on the timestamps in the response message 
(rpkt) and on the determined timestamp indicating the 

point of time of receipt of the response message (rpkt) • 

8. Method according to claim 7, wherein the time of receipt 
of the response message (rpkt) is determined in the 
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processing unit (B) as sum of the point of time at which 
the synchronization message (spkt) was transmitted, the 
time interval between clock pulses (cclk) from the first 
clock (C) multiplied by the number of clock pulses 
(cclk) received since the transmission of the 
synchronization message (spkt) , and the time elapsed 
between the reception of the response message (rpkt) and 
the reception of last clock pulse (cclk) from the first 
clock (C) before reception of the response message 
(rpkt) according to a clock integrated in the processing 
unit (B) , wherein the granulation of the clock 
integrated in the processing unit (B) is higher than the 
granulation of the first clock (C) • 

9. Method according to claim 7, wherein- the processing unit 
(B) stores the time of receipt of the. latest clock pulse 
(cclk) received from the first clock (C) , and wherein 
the time of receipt of the response message (rpkt) is 
determined in the processing unit (B) as the sum of the 
stored time of receipt of the- latest clock pulse (cclk) 
and the time elapsed between the reception of the 
response message (rpkt) and the reception of last clock 
pulse (cclk) from the first clock (C) before reception 
of the response message (rpkt) according to a clock 
integrated in the processing unit (B) , wherein the 
granulation of the clock integrated in the processing 
unit (B) is higher than the granulation of the first 
clock (C) . 
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10. Processing unit (B) including means for receiving clock 
pulses (cclk) from a first clock (C) which is to be 
synchronized to a reference clock, means for exchanging 
timestamps with said reference clock (A) , the exchange 
being triggered by clock pulses (cclk) received from 
said first clock (C) , means for generating correction 
messages (cmsg) for said first clock (C) based on said 
exchanged timestamps, and means for transmitting said 
generated correction messages (cmsg) to said first clock 
(C) . 

11. Processing unit (B) according to claim 10, wherein the 
means for exchanging timestamps are designed to generate 
timestamps based on clock pulses (cclk) received from 
the first clock (C) . 

12. Processing unit (B) according to claim 10 or 11, wherein 
the means for exchanging timestamps form a part of an 
Network Time Protocol (NTP) client integrated in the 
processing unit (B) . 

13. Synchronization system including a first clock (C) 
connected via a processing unit (B) to a reference clock 
(A) , which first clock (C) is to be synchronised to said 
reference clock (A) , wherein the processing unit (B) 
includes means for receiving clock pulses (cclk) from 
said first clock (C) , means for exchanging timestamps 
with said reference clock (A) , the exchange being 
triggered by clock pulses (cclk) received from said 
first clock (C) , means for generating correction 
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messages (cmsg) for said first clock (C) based on said 
exchanged timestamps, and means for transmitting said 
generated correction messages (cmsg) to said first clock 
(C) , wherein said reference clock (A) includes means for 
exchanging timestamps with said processing unit (B) , and 
wherein the first clock (C) includes means for 
transmitting clock pulses (cclk) to the processing unit 
(B) , means for receiving correction messages (cmsg) from 
said processing unit (B) and means for adjusting the 
frequency of said first clock (C) according to said 
correction messages (cmsg) . 

14. Synchronization system according to claim 13, wherein 
said means of said first clock (C) for adjusting the 
frequency of said first clock (C) according to said 
correction messages (cmsg) are further suited for 
adjusting the phase of said first clock (C) according to 
said correction messages (cmsg) . 

15. Synchronization system according to claim 13 or 14, 
wherein the means for synchronizing in the processing 
unit (B) are designed to determine timestamps based on 
clock pulses (cclk) received from the first clock (C) . 

16. Synchronization system according to one of claims 13 to 
15, wherein the reference clock (A) is included in an 
Netv/ork Time Protocol (NTP) server and wherein the 
processing unit (B) includes an Network Time Protocol 
client, the timestamps being exchanged in Network Time 
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Protocol messages (spkt,rpkt) between the Network Time 
Protocol server and the Network Time Protocol client. 

17. Synchronization system according to one of claims 13 to 

16, wherein the processing unit (B) is a PC, and wherein 
the first clock (C) is a hardware clock external to the 
PC. 

18. Synchronization system according to one of claims 13 to 

17, wherein the first clock (C) and the processing unit 
(B) are integrated in a Global System for Mobile 
Communications (GSM) base station, the first clock (C) 
being the master clock of the base station and the 
processing unit (B) being a Base Transceiver Station 
(BTS) transmission unit. 
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